Abstract. Flexor reflexes were compared with phasic stretch reflexes in 12 acute spinal cord injury patients with upper motor neuron lesions. Initial flexor reflex activity appeared later than initial stretch reflex activity in the majority of cases whereas maximal flexor reflexes developed at about the same time as maximal stretch reflexes. A quanti tative method for evaluating flexor and stretch reflex activity at bedside is presented.
Introduction
THE clinician customarily assesses recovery from spinal shock following spinal cord injury by two types of stretch response: either tonic (clasp knife resistance to passive range of motion) or phasic (deep tendon reflexes). The flexor response, i.e. involuntary withdrawal of a limb in response to a painful stimulus, is less commonly invoked in routine neurological examination, but has been described in experimental animals (Sherrington, 1906; Marie and Foix, 1912) , noted in spinal cord injury patients (Kuhn, 1950; Guttmann, 1952) , and quantitated electro myographically (Kugelberg, 1948; . The flexor response is most easily elicited by stimulation of the plantar aspect of the foot (Kuhn, 1950) , hut can also be elicited by stimulation of more proximal areas, called excitatory skin areas. To characterise more fully the flexor response the proximal migration of excitatory skin areas have been compared with the development of phasic stretch responses following spinal cord injury
Methods

Selection and Examination of Patients
Twelve consecutive patients admitted to the spinal cord injury service within 4 days of injury (ten admitted the day of injury) were studied. There were eight cervical (one incomplete), four thoracic (two incomplete), and no thoraco-Iumbar or lumbar lesions.
These subjects were examined systematically four times a week by the same examiner (M.R) from the time of admission until the flexor and stretch response grades, to be described, no longer increased after a minimum observation time of 3 weeks.
Method of Examination
The parameters of reflex activity tested and the grading system devised are indicated in Table I . Flexor reflexes were tested by pin pricks manually applied to the sole and dorsum of the foot, the anterior and posterior aspects of the leg (below the knee), and the anterior and posterior aspects of the thigh (above the knee) at a rate of 3-5 per second for a duration of about 5 seconds. Withdrawal of either lower extremity in response to stimulation of excitatory skin areas of the foot, leg, and thigh were graded 2, 3, or 4, respectively.
Phasic stretch reflexes were tested by knee and ankle deep tendon reflexes using a soft rubber percussion hammer, tendons being struck briskly but with a consistent force. The reflex grade was 2 for minimal or 'normal' response, 3 for a sharp, strong response, and 4 for induced clonus. For each examination in a given patient the highest single reflex grade to be elicited on either side was recorded.
Results
Natural Course of Reflexes
The onset of the flexor response (3 to 74 days, median 17) was generally later than that of the phasic stretch response (I to 23 days, median 4) (Fig. I ). In 10 of 12 individual patients the flexor response followed the stretch response, in one patient the flexor response preceded the stretch response by I day, and in one patient the flexor response failed to appear. The last individual initially had an incomplete DI I motor and sensory level, had elicitable clonus of the knees and ankles on the second post injury day, exhibited progressive return of voluntary motor function with disappearance of clonus, and showed complete recovery on the eleventh post injury day.
Maximal flexor reflex appeared 5 to 106 days post-injury (median 25, N = 10), and developed about the same time as the maximal phasic stretch reflex which appeared 2--99 days post-injury (median 22 ? N = 10). Maximal reflexes could not be compared in the one patient who failed to develop a flexor reflex and in one patient who was transferred to another hospital before follow-up was complete.
The evolution of the flexor and phasic stretch reflexes was variable, the time from initial to maximal flexor response being 0-103 days (median 2, N = 10) and the time from initial to maximal phasic stretch reflex being 0-95 days (median II, N = 10).
Grade of Reflexes
The maximal flexor and phasic stretch grades correlated within I grade point for 10 of I I patients. The greatest discrepancy occurred in the one patient mentioned previously who had clonus transiently but no flexor reflex, and who recovered from spinal cord trauma II days post-injury.
Discussion
The observations that flexor reflexes often, but not always, follow the ap pearance of phasic stretch reflexes, that flexor reflexes q uantitated by proximal migration of excitatory skin areas tend to accentuate with time, and that the more extensive flexor reflexes thus quantitated are associated with the more prominent phasic stretch reflexes agree with previous reports of flexor responses in spinal cord injury patients (Kuhn, 1950; Guttmann, 1952) .
The repeated observations of the flexor and phasic stretch responses in this study give us a wider spectrum of both polysynaptic and monosynaptic reflexes respectively as they develop after spinal cord injury. The adoption of the most proximal excitatory skin area as a method of q uantitating the flexor response offers more reliability than is available by varying the stimulus or judging the extent of reflex response. The convenience of the flexor response q uantitated by the level of excitatory skin areas offers a bedside techni q ue for correlation with other events following upper motor neuron lesions, such as flexor response and pes cavus (Rivera-Dominguez).
SUMMARY
Flexor reflexes, graded by the degree of proximal migration of the upper level of excitatory skin areas of the lower extremities, were compared with phasic stretch reflexes, using a 4-point scoring system in 12 acute spinal cord injury patients with upper motor neuron lesions. Initial flexor reflex activity (3-74 days post-injury) developed later than initial stretch activity (1-23 days post-injury) in 10 of I I patients, failing to appear in one patient with transient paralysis. Maximal flexor reflexes, however, developed at about the same time as maximal stretch reflexes (5-106 days v. 2-99 days post-injury, respectively) and showed little difference in intensity (0-1 grade point difference for 10 of II patients). Quanti tation of the flexor reflex by the proximal migration of excitatory skin areas is a convenient bedside techni q ue for comparison with other types of reflex activity. 
